
FLUID-FILLED VIBRATION DAMPING MOUNT 

INCORPORATED BY REFERENCE 
[0001] The disclosure of Japanese Patent Applications No. 
5 2003-066123 filed on March 12, 2003, including the specification, 
drawings and abstract, is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

10 [0002] The present invention relates generally to a fluid-filled 

vibration damping mount adapted to exhibit a vibration-damping effect on 
the basis of flow of a fluid sealed therein, and more particularly to such a 
fluid-filled vibration damping mount that is novel in construction and 
suitable for use as an engine mount, a body mount or other mounts for use 

15 in automotive vehicles. 

2. Description of the Related Art 

[0003] A suspension-type fluid-filled vibration damping mount 
is known as one type of fluid-filled vibration damping mounts each 
interposed between two members of a vibration system for flexibly 

20 connecting these two members in a vibration-damping or isolating fashion. 
As disclosed in Citation 1 and Citation 2, the known suspension-type 
fluid-filled vibration damping mount elastically supports a vibrative 
member, e.g., a power unit of an automotive vehicle, with respect to a 
subject member, e.g., a body of the vehicle, whose vibration is to be 

25 damped by suspending the vibrative member from the subject member. 
Fig. 15 shows an example of the known suspension-type fluid-filled 
vibration damping mount, by way of example, in which a first mounting 
member 150 attachable to the power unit and a second mounting member 
152 attachable to the body are elastically connected with each other by a 

30 tapered rubber elastic body 156 disposed between the first mounting 
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member and a lower open-end portion of a vertically extending cylindrical 
portion 154 of the second mounting member 152 into which the first 
mounting member 150 is inserted so as to extend into the cylindrical 
portion 154 for fluid-tightly closing the lower open-end portion of the 
5 cylindrical portion 154 of the second mounting member 152. An axially 
upper end portion of the cylindrical portion 154 of the second mounting 
member 152 is fluid-tightly closed by a flexible layer 158, whereby a fluid 
chamber 160 is formed between and defined by the rubber elastic body 156 
and the flexible layer 158. Within the fluid chamber 160, is disposed a 

10 partition member 162 extending in a diametric direction perpendicular to 
an axial direction of the cylindrical portion 154 of the second mounting 
member 152, while being supported at its peripheral portion by the second 
mounting member 152. With this arrangement, the fluid chamber 160 is 
fluid-tightly divided by the partition member 162 into two sections, i.e., a 

15 pressure-receiving chamber 164 partially defined by the rubber elastic 
body 156 and an equilibrium chamber 166 partially defined by the flexible 
layer 158. The pressure-receiving chamber 164 and the equilibrium 
chamber 166 are held in fluid communication with each other through an 
orifice passage 168. 

20 [0004] When such a known suspension-type fluid-filled 

vibration damping mount is installed in position, a static load or weight of 
the vibrative member, e.g., the power unit, is applied between the first 
mounting member 150 and the second mounting member 152 in the axial 
direction, and a vibrational load is primarily applied between the first and 

25 second mounting members 150, 152 in the axial direction, as well. Thus, 
the known suspension-type fluid-filled vibration damping mount is tuned to 
exhibit a damping effect based on resonance or flow of the fluid through 
the orifice passage 168 to vibrations applied thereto in the axial direction. 

[0005] However, the known suspension-type fluid-filled 

30 vibration damping mount may be subjected to vibration applied thereto in 
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diametric directions perpendicular to the axial direction (hereinafter 
referred to as "axis-perpendicular directions, where appropriate), 
depending upon a state of installation thereof, for example. If the 
suspension-type fluid-filled vibration damping mount is used as an engine 
5 mount for an automotive vehicle, for example, the engine mount may be 
subjected to vibrational loads applied between the first mounting member 
150 and the second mounting member 152 in the axis-perpendicular 
directions, e.g., in a driving or a longitudinal direction of the vehicle 
and/or in a lateral direction of the vehicle, when the vehicle is accelerated, 
10 runs over steps, goes through corners, or experiences any other possible 
driving conditions. Actually, the known suspension-type fluid-filled 
vibration damping mount has not been sufficiently examined in its damping 
capability in relation to vibrations applied thereto in the axis-perpendicular 
directions. 

15 [0006] In view of the above, the present inventors have 

conducted extensive studied and researches on damping characteristics of 
the known suspension-type fluid-filled vibration damping mount upon 
application of vibrations thereto in the diametric directions, and it has been 
revealed that the known suspension-type fluid-filled vibration damping 

20 mount is incapable of exhibiting a desired damping effect with respect to 
vibrations applied thereto in the radial directions. In particular, the 
suspension-type fluid-filled vibration damping mount is susceptible to be 
considerably deteriorated in its damping capability at around a higher 
frequency range of input vibrations corresponding to an acceleration noise 

25 of 300-500 Hz, e.g., booming noises and chatter noises. 
[0007] 
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[0008] It is therefore one object of this invention to provide a 
suspension-type fluid-filled vibration damping mount novel in construction 
and capable of exhibiting an improved damping performance with respect 
to vibrations applied thereto in a diametric direction perpendicular to its 
5 axial direction, without deteriorating its damping performance with respect 
to vibrations applied thereto in the axial direction, as well as its 
manufacture efficiency due to increase in the number of components or the 
like. 

[0009] In an attempt to solve the conventionally experienced 

10 problem, the present inventors have been conduced a further extensive 
study of the suspension-type fluid-filled vibration damping mount. In the 
suspension-type fluid-filled vibration damping mount, the elastic body 
needs to has a generally frusto-conical shape with its central portion 
bonded to the first mounting member extending largely into a pressure 

15 receiving chamber from a lower open end of the second mounting member, 
in order to effectively prevent or minimize tensile stress generated in the 
elastic body when the mount is installed in position and a static load, e.g. 
the weight of the power unit acts on the elastic body. When the 
suspension-type fluid-filled vibration damping mount constructed as 

20 described above is subjected to vibrations applied thereto in radial 
directions perpendicular to its axial direction, the central portion of the 
elastic body is forced to move back and force or displace reciprocatively in 
the radial or diametric directions within the fluid chamber. As a result, an 
annular region defined by and between the central portion of the elastic 

25 body and the cylindrical portion of the second mounting member opposed 
to the central portion of the elastic body in the axis-perpendicular 
directions, undergoes volumetric variation in a circumferential direction 
thereof, thus causing flow of the fluid in the circumferential direction 
within the annular region. In view of the above, the present inventors 

30 have concluded that the suspension-type fluid-filled vibration damping 
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mount may suffer from considerable increase in its spring constant based 
on resonance effect of the fluid flowing through the annular region, upon 
application of vibration whose frequency range is higher than a resonance 
frequency of the fluid flowing through the annular region. 
5 [0010] In the light of the above described conclusion, the 

present inventors have conducted still further extensive studies and 
researches of the suspension-type fluid-filled vibration damping mount, 
and have developed the present invention supported by a number of 
experimental results. There will be described presently preferred modes of 

10 the invention. Each of these modes of the invention is numbered like the 
appended claims and depending from the other mode or modes, where 
appropriate, to indicate possible combinations of elements or technical 
features of the invention. It is to be understood that the principle of the 
invention is not limited to these modes of the invention and combinations 

15 of the technical features, but may otherwise be recognized based on the 
teachings of the present invention disclosed in the entire specification and 
drawings or that may be recognized by those skilled in the art in the light 
of the present disclosure in its entirety. 

[0011] A first mode of the invention is a fluid-filled vibration 

20 damping mount of suspension type, comprising: (a) a first mounting 
member; (b) a second mounting member having a generally hollow 
cylindrical configuration whose lower open end portion is situated about 
the first mounting member; (c) a generally tapered elastic body elastically 
connecting the first and second mounting members together, the elastic 

25 body extending from the lower open end portion of the second mounting 
member to an inside of the second mounting member, and fluid-tightly 
closing the lower open-end portion of the second mounting member; (d) a 
flexible layer fluid-tightly closing an upper open-end portion of the second 
mounting member for forming a fluid chamber defined between the elastic 

30 body and the flexible layer and filled with a non-compressible fluid; (e) a 
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partition member disposed within the fluid chamber so as to extend in an 
axis-perpendicular direction perpendicular of the second mounting member, 
and fixedly supported at an peripheral portion thereof by the second 
mounting member, for fluid-tightly dividing the fluid chamber into a 
5 pressure-receiving chamber partially defined by the generally tapered 
elastic body and an equilibrium chamber partially defined by the flexible 
layer; (f) an orifice passage for permitting a fluid communication between 
the pressure-receiving chamber and the equilibrium chamber; and (g) a pair 
of restricting projections each being bonded to the partition member and 

10 projecting from the partition member into the pressure-receiving chamber 
so as to be situated in a region defined by and between an outer 
circumferential surface of the elastic body and an inner circumferential 
surface of the second mounting member for restricting the region, the pair 
of restricting projections being situated at respective circumferential 

15 positions mutually opposed in the axis-perpendicular direction mutually 
opposed in the axis-perpendicular direction of the second mounting 
member, and extending substantially circumferentially with a 
circumferential length smaller than a half of a circumference of the 
partition member. 

20 [0012] In the fluid-filled vibration damping mount constructed 

according to this mode of the invention, the pair of restricting projections 
projecting from the partition member, are situated in the region extending 
circumferentially between opposing surfaces of the elastic body and the 
second mounting member. Although the region is considered to form a 

25 fluid passage during input of a vibrational load in an axis-perpendicular 
direction, a cross sectional area of the fluid passage formed in this region 
is reduced or restricted by the restricting projections. This arrangement 
makes it possible to shift a resonance frequency of the fluid flowing 
through this region to a lower frequency range, which does not matter in 

30 terms of a vibration-damping capability of the vibration damping mount. 



Therefore, the fluid-filled vibration damping mount constructed according 
to this mode of the invention is capable of eliminating or moderating a 
tendency for its dynamic spring constant to considerably increase owing to 
the presence of this region during input of vibrations over a specific 
5 frequency range, e.g., an acceleration noise in an automotive vehicle, 
owing the presence of this region. 

[0013] Each of the restricting projections is arranged to be 
spaced away from both of the elastic body and the second mounting 
member both defining a wall of the pressure receiving chamber. Further 

10 each restricting projection s formed of an elastic material such as a rubber 
elastic body. Yet further, the pair of restricting projections are formed 
with the angular length of smaller than 180, and are separated from each 
other. These arrangements permit a relatively readily elastic deformation 
of the restricting projections. Therefore, if the fluid is forced to flow 

15 circumferentially within the pressure receiving chamber during input of a 
vibrational load in an axis-perpendicular direction, the readily deformable 
restricting projections are easily deformed by the fluid pressure, 
facilitating disturbance of flows of the fluid through the annular region. 
Also, the readily elastic deformation of the restricting projections produces 

20 another resonance system in association with elastic deformation of the 
restricting projections. Thus, the present fluid-filled vibration damping 
mount of the invention can actively exhibit an effect of low dynamic spring 
constant due to the elastic resonance of the restricting projections or the 
like. It should be noted that each of the restricting projections may have a 

25 variety of configuration provided that it extends in a substantially 
circumferential direction on the partition member, with a circumferential 
length smaller than the half of the circumference of the partition member. 
Preferably, each of the restricting projections has an angular length smaller 
than 180 degrees about a center axis of the second mounting member. 

30 [0014] Still further, the pair of restricting projections are 
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formed independently of the elastic body and bonded to the partition 
member, and project into the pressure-receiving chamber according to this 
mode of the invention. This arrangement effectively prevents an essential 
damping characteristic of the vibration damping mount based on the'elastic 
5 body from being adversely influenced or deteriorated by the presence of 
the restricting projection, while sufficiently maintaining operation 
efficiency in assembling components of the vibration damping mount. In 
particular, this arrangement makes it possible to form the restricting 
projections with a rubber material different from that of the rubber elastic 
10 body. Therefore, a natural frequency of the resonance system in 
association with the elastic deformation of the elastic restricting projection 
can be desirably determined with a high degree of freedom, without being 
limited by a requirement for spring characteristics of the elastic body or 
the like. 

15 [0015] A second mode of the invention is a fluid-filled 

vibration damping mount according to the first mode, wherein each of the 
restricting projections has a width dimension varying in a height direction 
so that a width dimension in a distal end portion is smaller than that in a 
proximal end portion. This arrangement further facilitates elastic 

20 deformation of the restricting projections, making it enabling for the mount 
to advantageously ease the tendency for its dynamic spring constant to 
considerably increase with respect to an input vibration in the 
axis-perpendicular direction. This advantage of the invention may be 
caused with the help of elastic deformation of the restricting projections 

25 per se, and the help of the resonance system produced by the elastic 
deformation of the restricting projections. 

[0016] Preferably, each restricting projection has an outer 
circumferential surface extending generally straightly in the axial direction 
over its entire area, while being spaced away from the inner 

30 circumferential surface of the second mounting member with a 
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substantially constant spacing therebetween. On the other hand, an inner 
circumferential surface of each restricting projection extends generally 
straightly in the axial direction from the proximal end portion to an 
intermediate portion thereof, but extends slanting diametrically outwardly 
5 from the intermediate portion to the distal end portion thereof so as to be 
spaced away from the elastic body with a substantially constant spacing 
therebetween. In this arrangement, the proximal end portion of each 
restricting projection, which is bonded to the partition member, protrudes 
downwardly from the partition member by a given height dimension with a 

10 generally constant width, and the distal end portion of the restricting 
projection has a tapered cross sectional shape with an inner surface 
gradually extending radially outwardly as it goes from the intermediate 
portion to the distal end portion thereof. The restricting projection 
arranged as described above makes it possible to prevent or limit an 

15 abutting contact of the elastic body with the restricting projections, while 
effectively restricting an annular region which may provide the fluid 
passage within the pressure-receiving chamber upon application of 
vibrations thereto in the radial directions. 

[0017] A third mode of the invention is a fluid-filled vibration 

20 damping mount according to the first or second mode, wherein the angular 
length of each of the restricting projection is held within a range of 30-120 
degrees about the center axis of the second mounting member. According 
to this arrangement, each of the restricting projections can effectively 
restrict the annular region that may provide the circumferential fluid 

25 passage within the pressure receiving chamber, thereby exhibiting a 
sufficient effect for easing a considerable increase of the dynamic spring 
constant of the mount during input of vibrations in a target high frequency 
range. This easing effect may be caused due to resonance of the fluid 
flowing through the region. Additionally, each of the restricting 

30 projections has an advantageous configuration easy of elastic deformation 
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elastically deformed. Therefore, the fluid-filled vibration-damping mount 
is able to exhibit a low-dynamic spring constant that may be caused by the 
resonance system generated by the elastic deformation of the elastic 
restricting projections. 
5 [0018] A fourth mode of the invention is a fluid-filled 

vibration damping mount according to any one of the first through third 
modes, wherein the pair of restricting projections are formed substantially 
equally in configuration and size. According to this arrangement, the 
fluid-filled vibration-damping mount can enhance its damping 
10 characteristics on the basis of the effect generated by the pair of restricting 
projections as discussed above, with respect to a target frequency 
vibration. 

[0019] A fifth mode of the invention is a fluid-filled vibration 
damping mount according to any one of the above indicated first through 

15 fourth modes, wherein the partition member includes a communication hole 
formed therethrough that is situated between mutually opposite 
circumferential end faces of the pair of restricting projections for 
connecting the orifice passage to the pressure receiving chamber. This 
arrangement makes it possible to form the communication hole with a 

20 relatively wide area, by effectively utilizing a space formed between the 
opposite circumferential end faces of the pair of restricting projections. 
Thus, the fluid-filled vibration damping mount can an intended damping 
effect based on resonance of the fluid flowing through the orifice passage 
in a further advantageous manner. 

25 [0020] A sixth mode of the invention is a fluid-filled vibration 

damping mount according to any one of the first through fifth modes, 
wherein the partition member includes a through hole formed through a 
central portion thereof, wherein the through hole is fluid-tightly closed by 
a partition rubber plate so that a fluid pressure in the pressure receiving 

30 chamber and a fluid pressure in the equilibrium chamber are exerted on an 
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upper and lower faces of the partition rubber plate, respectively, and 
wherein the pair of restricting projections and the partition rubber plate are 
integrally formed with each other. According to this arrangement, the 
pair of restricting projections can be readily and advantageously formed 
5 integrally with the partition rubber plate, in the case where the partition 
rubber plate may be employed for reducing or absorbing the fluid pressure 
variation in the pressure-receiving chamber in order to prevent the dynamic 
spring constant from increasing upon application of axial or vertical 
vibrations over a higher frequency range in which a resistance to flow of 

10 the fluid through the orifice passage is too high to permit the flow of the 
fluid therethrough. Thus, efficiency in manufacture and simplicity in 
structure of the fluid-filled vibration-damping mount can be achieved in a 
further advantageous manner. 

[0021 ] A seventh mode of the invention is a fluid-filled 

15 vibration damping mount according to any one of the first through sixth 
modes, further comprising at least one abutting fin integrally formed with 
the elastic body and/or the second mounting member, the at least one 
abutting fin projecting from at least one of opposing faces of the elastic 
body and the second mounting member toward an other one of the opposing 

20 faces so that the at least one abutting fin further restrict the region defined 
between the opposing surfaces at at least one circumferential position in a 
state where a suspending load is exerted between the first and second 
mounting member. In the fluid-filled vibration damping mount 
constructed according to this mode of the invention, the cross sectional 

25 area of the space defined between axially opposite surfaces of the elastic 
body and the restricting projection is further reduced by means of the first 
abutting fin, and accordingly, the cross sectional area of the fluid passage 
formed in the annular region of the pressure-receiving chamber is more 
reduced than that in the fluid-filled vibration damping mount where the 

30 restricting projection with no fin is provided. Thus, the fluid-filled 



- 12- 



vibration damping mount is capable of further effectively moderating or 
eliminating the tendency for its dynamic spring constant to considerably 
increase when being subjected to vibrations over a higher frequency range 
applied thereto in the radial directions, which tendency may be caused by 
5 anti-resonance motion of the non-compressible fluid upon application of 
the vibrational load over a higher frequency range. 

[0022] In addition, the abutting fin formed on the surface of 
the tapered elastic body and/or the restricting projection is made in a 
thin-walled fin shape out of an elastic material such as a rubber elastic 

10 body, so that the abutting fin is more readily elastically deformed when 
being brought into abutting contact with the surface of the other one of the 
elastic body and the restricting projection. Thus, the abutting fin may 
exhibit a shock absorbing effect upon the abutting contact between the 
restricting projection and the elastic body, making it possible to eliminate 

15 or reduce abutting noises generated upon the above-indicated abutting 
contact. 

[0023] The abutting fin can be formed on either of the elastic 
body and the elastic restricting projections, and may be formed on a 
desired one designated by taking into account a required damping 

20 capability, and/or efficiency in manufacturing of the mount. Further, the 
number of the abutting fin is not particularly limited, provided at least one 
of the abutting fin is formed on at least one of the surface of the elastic 
body and the restricting projections. 

[0024] A eighth mode of the invention is a fluid-filled 

25 vibration damping mount according to any one of the first through seventh 
modes, wherein an outer peripheral portion of the flexible layer is bonded 
to an annular fixing ring that is superposed on an outer peripheral portion 
of the partition member, the fixing ring and the partition member being 
firmly fixed at the peripheral portions thereof to an upper open end portion 

30 of the second mounting member by caulking, while cooperating to each 
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other to define therebetween the orifice passage extending in the outer 
peripheral portion of the partition member. This arrangement makes it 
possible to fluid-tightly close the upper open end portion of the second 
mounting member with the flexible layer, by effectively utilizing the 
5 caulking structure to fasten the partition member to the second mounting 
member, while obtaining a sufficient length of the orifice passage. More 
preferably, the orifice passage may have a structure, wherein the partition 
member is formed of a single metallic plate, and at least one of the 
partition member and the annular fixing metallic member is bent so that the 
10 partition member and the annular fixing metallic member cooperate to 
define therebetween a circumferentially extending gap functioning as the 
orifice passage. 

[0025] A ninth mode of the invention is a fluid-filled vibration 
damping mount according to any one of the firth through eighth modes, 

15 wherein the elastic body has a wall thickness dimension varying in the 
circumferential direction thereof so that a pair of thin-walled portion are 
opposed in a first diametric direction with the first mounting member 
interposed therebetween, and a pair of thick-walled portion are opposed in 
a second diametric direction perpendicular to the first diametric direction, 

20 wherein the axis-perpendicular direction in which the pair of restricting 
projections are opposed to each other is arranged to substantially conform 
to the second diametric direction, and wherein the vibration damping 
mount is usable as an engine mount by installed on a vehicle such that the 
second diametric direction in which the thick-walled portions are opposed 

25 is oriented to a lateral direction of the vehicle, and the first diametric 
direction in which the thin-walled portions are opposed are oriented to a 
longitudinal direction of the vehicle. In the engine mount according to 
this mode of the invention, a required high spring stiffness in the vehicle 
lateral direction can be generated by means of the pair of thick-walled 

30 portions of the elastic body, leading to an excellent driving stability of the 
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vehicle. On the other hand, a required low spring stiffness in the vehicle 
driving direction can be provided by means of the pair of thin-walled 
portions of the elastic body, leading to an excellent driving comport of the 
vehicle. Moreover, when the vehicle is subjected to a vibration input in 
5 the vehicle driving direction due to acceleration or similar driving 
condition of the vehicle, the circumferential fluid passage, which may be 
generated in the pressure-receiving chamber, can be effectively restricted 
or narrowed by the provision of the pair of restricting projections. As a 
result, a likelihood of increase of the dynamic spring constant of the mount 
10 at a relatively higher frequency range of input vibrations can be effectively 
eliminated or minimized, thus ensuring a further enhanced driving comfort 
of the vehicle. 

[0026] A tenth mode of the invention is a fluid-filled vibration 
damping mount according to any one of the firth through ninth modes, 

15 wherein the pair of restricting projections are arranged in configuration, 
size and/or material so that the mount exhibits an effect of low dynamic 
spring constant thereof based on resonance of circumferential flow of the 
fluid generated in the pressure receiving chamber with respect to vibrations 
of frequency within a range of 150-300Hz, and exhibits an effect of low 

20 dynamic spring constant thereof based on elastic resonance of the pair of 
restricting projections with respect to vibrations of frequency within a 
range of 300-500Hz. In the present mode of the invention, the fluid-filled 
vibration damping mount can exhibits an excellent damping performance 
owing to its low dynamic spring constant in the first diametric direction 

25 perpendicular to the second diametric direction in which the pair of 
restricting projections are opposed, with respect to input vibrations over a 
wide frequency range. For instance, the mount can exhibit considerably 
efficient damping effect with respect to vibrations excited in the vehicle, 
such as booming noise during driving, booming or chattering noises during 

30 acceleration, or the like. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] The forgoing and/or other objects features and 
advantages of the invention will become more apparent from the following 
description of preferred embodiments with reference to the accompanying 
5 drawings in which like reference numerals designate like elements and 
wherein; 

Fig. 1 is an elevational view in axial or vertical cross section of an 
engine mount for use in an automotive vehicle, which is constructed 
according to a first embodiment of a fluid-filled vibration-damping mount 
10 of the invention, and which corresponds to a view taken along line I-I of 
Fig. 1; 

Fig. 2 is an elevational view in axial or vertical cross section of a 
first integrally vulcanized assembly of the engine mount of Fig. 1, which is 
taken along line 2-2 of Fig. 3; 
15 Fig. 3 is a bottom plane view of the first integrally vulcanized 

assembly of Fig. 2; 

Fig. 4 is an axial or vertical cross sectional view of a lid member of 
the engine mount of Fig. 1; 

Fig. 5 is a top plane view of a second integrally vulcanized assembly 
20 of the engine mount of Fig. 1; 

Fig. 6 is a bottom plane view of the engine mount of Fig. 5; 
Fig. 7 is a cross sectional view taken along line 7-7 of Fig. 6; 
Fig. 8 is an elevational view in axial or vertical cross section of the 
engine mount of Fig. 1, taken along line 8-8 of Fig. 6; 
25 Fig. 9 is an elevational view in axial or vertical cross section of the 

engine mount of Fig. 1 in a state where the engine mount is installed on an 
automotive vehicle; 

Fig. 10 is a graph showing vibration-damping performance of a first 
example of the engine mount constructed according to the present 
30 invention, with respect to vibrational loads applied thereto in an 
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axis-perpendicular direction; 

Fig. 11 is a graph showing vibration-damping performance of a 
second example of the engine mount constructed according to the present 
invention, with respect to vibrational loads applied thereto in an 
5 axis-perpendicular direction; 

Fig. 12 is a graph showing vibration-damping performance of a third 
example of the engine mount constructed according to the present 
invention, with respect to vibrational loads applied thereto in an 
axis-perpendicular direction; 
10 Fig. 13 is a graph showing vibration-damping performance of a first 

comparative example of an engine mount, with respect to vibrational loads 
applied thereto in an axis-perpendicular direction; 

Fig. 14 is a graph showing vibration-damping performance of a 
second comparative example of an engine mount, with respect to 
15 vibrational loads applied thereto in an axis-perpendicular direction; and 

Fig. 15 is an elevational view in axial or vertical cross section of an 
engine mount of conventional structure. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
20 [0028] Referring first to Fig. 1, an engine mount 10 for 

automotive vehicles is shown as one embodiment of the fluid-filled 
vibration damping mount of the present invention. This engine mount 10 
includes an inner shaft member 12 functioning as a first mounting member 
and an outer cylindrical member 14 functioning as a second mounting 
25 member, which are both made of metal, and are situated opposite to each 
other with a radial spacing therebetween. The inner shaft member 12 and 
the outer cylindrical member 14 are elastically connected to each other by 
a rubber elastic body 16 interposed therebetween. The engine mount 10 is 
installed on the vehicle such that the inner shaft member 12 is attached to a 
30 power unit of the vehicle (not shown), while the outer cylindrical member 
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14 is attached to a body of the vehicle (not shown), so that the power unit 
is suspended from the body in a vibration-damping or isolating manner. 
With the engine mount 10 installed on the vehicle as described above, the 
weight of the power unit acts on the engine mount 10 in the vertical 
5 direction as seen in Fig. 1. This static load causes a certain amount of 
elastic deformation of the elastic body 16 so that the inner shaft member 12 
is displaced by a suitable amount relative to the outer cylindrical member 
14 in the vertically downward direction. The engine mount 10 receives a 
vibrational load primarily in the substantially vertical direction as seen in 

10 Fig. 1. In the following description, the vertical direction is basically 
equal to the vertical direction as seen in Fig. 1, that is substantially equal 
to the vertical direction of the engine mount installed in position. 

[0029] More specifically, the inner shaft member 12 includes a 
metallic cup member 18 of generally cylindrical cup shape, and a metallic 

15 tube member 20 of generally cylindrical shape, which is fixed to a bottom 
surface of the cup shaped member 18 by welding. The metallic tube 
member 20 has a threaded central bore that serves as a tapped hole 22. As 
shown in Fig. 9, a mounting bolt 26 is screwed into the tapped hole 22 of 
the inner shaft member 12 so that the inner shaft member 12 is fixedly 

20 attached to a bracket 28 fixed to the power unit (not shown). 

[0030] The outer cylindrical member 14 is a large-diameter 
thin-walled generally hollow cylindrical member whose diameter is made 
sufficiently larger than an outer diameter of the inner shaft member 12. 
The outer cylindrical member 14 includes at its axially lower end portion a 

25 tapered cylindrical portion 30 whose diameter gradually decreases in the 
axially outward or downward direction, and at its axially upper end portion 
a large-diameter cylindrical portion 32 whose inner and outer diameters are 
made constant over its entire axial length. In the present embodiment, the 
tapered cylindrical portion 30 and the large-diameter cylindrical portion 32 

30 cooperate to each other to provide a vertically extending cylindrical 
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portion 34 of the outer cylindrical portion 14. A shoulder 38 is integrally 
formed at an open-end portion of the large-diameter cylindrical portion 32 
of the outer cylindrical portion 14, i.e., an axially upper open-end portion 
36 of the cylindrical portion 34, so as to extend radially outwardly. An 
5 outer peripheral portion of the shoulder 38 serves as an integrally formed 
caulking part 40 that extends axially upwardly as seen in Fig. 1. 

[0031] The thus formed outer cylindrical member 14 is 
disposed about the inner shaft member 12 in approximately coaxial or 
concentric relationship with each other, with a given radial spacing 

10 therebetween. The inner shaft member 12 is inserted into the cylindrical 
member 14 from the lower open end in the axial direction so that the inner 
shaft member 12 is situated within the outer cylindrical portion 34 by a 
predetermined axial dimension. 

[0032] The elastic body 16 is interposed between the inner 

15 shaft member 12 and the outer cylindrical member 14 disposed relative to 
each other as described above. This elastic body 16 is a generally tapered 
thick-walled cylindrical member of tapered profile whose diameter 
gradually increases as its goes axially downwardly as seen in Fig. 1. The 
elastic body 16 is bonded at an inner circumferential surface of its small 

20 diameter end portion to an outer circumferential surface of the inner shaft 
member 12, and an outer circumferential surface of its large diameter end 
portion to an inner circumferential surface of the outer cylindrical member 
14, when a rubber material is vulcanized to form the elastic body 16, 
thereby providing a first integrally vulcanized assembly 44 as shown in Fig. 

25 2, in which the inner shaft member 12 and the outer cylindrical member 14 
are bonded together via the elastic body 16. In the first integrally 
vulcanized assembly 44, the lower open-end portion 42 of the cylindrical 
portion 34 of the outer cylindrical member 14 is fluid-tightly closed by the 
elastic body 16 and the inner shaft member 12. The elastic body 16 is 

30 integrally formed with a generally cylindrical rubber coating layer 46 that 
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is bonded to and coats a substantially entire area of an inner 
circumferential surface of the outer cylindrical member 14. 

[0033] Further, the elastic body 16 is formed with a pair of 
pocket-like recesses 48, 48 open in its lower end face at respective 
5 circumferential portions which are opposed to each other in a diametric 
direction of the elastic body 16 with the inner shaft member 12 interposed 
therebetween. Each of the recesses 48 extend circumferentially with a 
circumferential length of about 1/4 of a circumference of the elastic body 
16. By the provision of the pair of recesses 48, 48, a wall thickness 

10 dimension of the elastic body 16 is partially reduced, thereby providing a 
pair of thin walled portions 47, 47 mutually opposed in a first diametric 
direction, and a pair of thick walled portion 49, 49 mutually opposed in a 
second diametric direction that is substantially perpendicular to the first 
diametric direction. With this arrangement, a spring ratio (spring constant 

15 in the first diametric direction / spring constant in the second diametric 
direction) of the engine mount 10 are desirably arranged so that the engine 
mount 10 can exhibit a low spring stiffness in the first diametric direction 
in which the thin walled portions 47, 47 opposed to each other, and a high 
spring stiffness in the second diametric direction in which the thick-walled 

20 portions 49, 49 opposed to each other. In the present embodiment, the 
diametric direction of the elastic body 16 in which the pair of recesses 48, 
48 are opposed to each other (i.e., the vertical direction in Fig. 3) is 
approximately aligned to a longitudinal or a driving direction of the 
vehicle. Therefore, the spring stiffness or characteristics of the elastic 

25 body 16 is lower or softer in the longitudinal direction of the vehicle than 
that in the horizontal direction of the vehicle. 

[0034] Referring back to Fig. 1, a metallic partition member 
50 and a lid member 52 are superposed in this order on the upper open-end 
portion of the cylindrical portion of the outer cylindrical member 14. 

30 [0035] As shown in Fig. 4, the lid member 52 includes a 
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flexible layer in the form of a flexible diaphragm 54 and an annular fixing 
metallic member in the form of a metallic lid 56. The flexible diaphragm 
54 is formed of an easily deformable thin-walled rubber elastic layer with a 
thin-walled dome-like configuration in its entirety, and open to the axially 
5 lower part of the engine mount 10. A generally annular sealing rubber 
layer 58 is integrally formed at an open-end peripheral portion (outer 
circumferential edges portion) of the diaphragm 54. The metallic lid 56 is 
a generally large-diameter cylindrical member formed of metal by pressing, 
and includes an annular top-wall portion 60 integrally formed at its axially 

10 upper end portion so as to extend radially inwardly to have a generally 
annular shape, and an outward flange portion 62 integrally formed at its 
axially lower end portion so as to extend radially outwardly. A generally 
entire portion of the metallic lid 56, except the outward flange portion 62, 
is coated by the sealing rubber layer 58. Thus, the flexible diaphragm 54 

15 and the metallic lid 56 cooperate to form the lid member 52 as an integrally 
vulcanized assembly. 

[0036] Referring next to Figs. 5-7 showing the metallic 
partition member 50, the metallic partition member 50 is a generally 
annular member formed of metal by pressing, and defines a through hole 

20 66 in its central portion. The metallic partition member 50 includes a 
cylindrical wall portion 64 integrally formed at a peripheral portion of the 
through hole 66 so as to extend axially upwardly as seen in Figs. 6 and 7. 
In order to close the through hole 66, a partition rubber plate in the form of 
an elastic rubber plate 68 is disposed in the through hole 66 so as to extend 

25 radially outwardly. The elastic rubber plate 68 is a generally disk-like 
member with a generally constant wall thickness entirely, and is bonded at 
its peripheral portion to the cylindrical wall portion 64 of the metallic 
partition member 50 with the cylindrical wall portion 64 embedded within 
the peripheral portion of the elastic rubber plate 68, when a rubber material 

30 is vulcanized for forming the elastic rubber plate 68. 



-21 - 



[0037] On an upper surface of the metallic partition member 
50, as shown in Fig. 5, a rubber inner circumferential wall 70 having a 
generally annular block-like shape is bonded in the process of 
vulcanization of a rubber material for forming the inner circumferential 
5 wall 70. The inner circumferential wall 70 extends over a generally entire 
circumference around the through hole 66 with a given width dimension 
extending from an inner peripheral portion to a radially intermediate 
portion of the upper surface of the metallic partition member 50. One 
circumferential portion of the inner circumferential wall 70 protrudes 

10 radially outwardly, to thereby provide an elastic partition wall 72 as an 
integral part. On one of circumferentially opposite sides of the elastic 
partition wall 72, the wall-thickness of the inner circumferential wall 70 is 
reduced over a predetermined circumferential distance so as to provide a 
communication groove 74 of substantially rectangular groove shape and 

15 extending radially inwardly with a given width. Thus, the inner 
circumferential wall 70 is substantially partially eliminated or cut-off on 
the one side of the elastic partition wall 72 to provide the communication 
groove 74. On the other side of the elastic partition wall 72, there is 
formed a communication hole 76 extending through the metallic partition 

20 member 50 in the thickness direction. A sealing lip 78 may be integrally 
formed on the upper surfaces of the inner circumferential wall 70 and the 
elastic partition wall 72, as needed. 

[0038] The metallic partition member 50 provides at its 
radially intermediate portion a cylindrical stepped portion 80 situated 

25 radially outward of the inner circumferential wall 70, and continuously 
extends in the circumferential direction about the inner circumferential 
wall 70. The cylindrical stepped portion 80 extends axially downward. 
On the lower edge side of the cylindrical stepped portion 80, is integrally 
formed a flange portion 82 extending radially outward. On the lower face 

30 of the metallic partition member 50, integrally bonded by rubber material 



-22- 



vulcanization is a pair of restricting projections 84, 84 situated radially 
inward of the cylindrical stepped portion 80 and projecting vertically or 
axially downward. As is apparent from Figs. 1, 6, 7 and 8, the pair of 
restricting projections 84, 84 are integrally bonded to an outer peripheral 
5 portion of the elastic rubber plate 68 bonded by rubber material 
vulcanization to the metallic partition member 50 to coat the lower face of 
the metallic partition member 50. The pair of restricting projections 84, 
84 are situated at respective positions mutually opposite in a diametric 
direction perpendicular to a center axis of the metallic partition member 50, 

10 and extend substantially circumferentially, e.g. about the center axis with 
an predetermined angular length 0. Preferably, the pair of restricting 
projections 84, 84 are arranged symmetrically to each other with respect to 
the center axis of the metallic partition member 50, and have an angular 
length within a range of 30< 0 < 120. 

15 [0039] In the present embodiment, each restricting projection 

84 has a proximal end portion (i.e., a portion close to the metallic partition 
member 50) of thick-walled cylindrical configuration. The proximal end 
portion of each restricting projection 84 extends in its axial direction, 
thereby providing cylindrical inner and outer circumferential surfaces 81, 

20 83. On the other hand, a distal end portion of each restricting projection 

84 provides a cylindrical surface by its outer wall, but a tapered inner 
circumferential surface 85 by its inner wall. Namely, the tapered inner 
circumferential surface 85 has a diameter gradually increases as its goes 
downward, whereby each restricting projection 84 has a tapered 

25 configuration in its entirety. 

[0040] Furthermore, each restricting projection 84 has an 
elastic abutting fin 89. The abutting fin 89 is formed of a rubber elastic 
body, and is integrally formed on the tapered inner circumferential surface 

85 such that the abutting fin 89 projects out from the surface 85 with a thin 
30 plate configuration extending straightly in a sloped direction of the surface 
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85. The abutting fin 89 is formed entirely with a substantially constant 
height dimension and a wall-thickness dimension. In the present 
embodiment, each restricting projection 84 is formed with one abutting fin 
89 situated at a circumferentially central portion thereof A number of the 
5 abutting fin 89 is not limited to the present embodiment, and a plurality of 
abutting fins may be formed on a plurality of circumferential portions of 
the restricting projection 85. Also, the abutting fin 89 may have a 
configuration extending to the outer circumferential surface of the 
restricting projection 84 and/or the inner circumferential surface of the 

10 proximal end portion of the restricting projection 84. 

[0041 ] As clearly shown in Fig. 6, the elastic rubber plate 68, 
which is bonded to the lower face of the metallic partition member 50, has 
a thin walled portion 77 that is situated in one side of another diametric 
direction perpendicular to the diametric direction in which the restricting 

15 projections 84, 84 are opposed to each other. The communication hole 76 
is situated at and open in a substantially central portion of the thin walled 
portion 77. 

[0042] The elastic rubber plate 68, the restricting projections 
84, 84, the elastic partition wall 72, and the inner circumferential wall 70 

20 are integrally formed by a rubber elastic body bonded to the metallic 
partition member 50 in an integral vulcanization molding of a rubber 
material with the metallic partition member 50. Namely, the elastic 
rubber plate 68, the restricting projections 84, 84 and the others cooperate 
with the metallic partition member to provide a second integrally 

25 vulcanized assembly 87. 

[0043] As is understood from Figs. 1 and 8, the metallic 
partition member 50 and the lid member 52 superposed on the metallic 
partition member 50 in the axial direction, are assembled to the upper 
open-end portion of the outer cylindrical member 14 such that the flange 

30 portion 82 of the metallic partition member 50 and the outward flange 
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portion 62 of the lid member 52 are laminated on the shoulder portion 38 
of the outer cylindrical member 14, and are firmly fixed to the outer 
cylindrical member 14 by pressingly bending the caulking portion 40 
against these flange portions 82 and 62 in the process of caulking fixation. 
5 [0044] With the metallic partition member 50 and the lid 

member 52 firmly fixed to the outer cylindrical member 14 by caulking as 
described above, the upper open-end portion 36 of the outer cylindrical 
member 14 is fluid-tightly closed by these two members 50, 52. In the 
thus constructed engine mount 10, the elastic body 16 and the flexible 
10 diaphragm 54 cooperate with the outer cylindrical member 14 to define 
therebetween a fluid chamber 88 filled with a suitable non-compressible 
fluid. 

[0045] Within the fluid chamber 88, is disposed the metallic 
partition member 50 extending in the radial direction perpendicular to the 

15 axial direction of the engine mount 10. Thus, the partition member 50 
divides the fluid chamber 88 into two sections on the axially opposite sides 
thereof, namely, a pressure-receiving chamber 90 partially defined by the 
elastic body 16 and located on the axially lower side wherein the inner 
shaft member 12 is disposed, and an equilibrium chamber 92 partially 

20 defined by the flexible diaphragm 54 and located on the axially upper side 
wherein the lid member 52 is disposed. Upon application of the vibration 
between the inner shaft member 12 and the outer cylindrical member 14, 
the pressure of the fluid in the pressure-receiving chamber 90 varies due to 
elastic deformation of the elastic body 16, while the volume of the 

25 equilibrium chamber 92 is permitted to vary by elastic deformation of the 
flexible diaphragm 54. 

[0046] The filling of the fluid chamber 88 with the 
non-compressible fluid is advantageously conducted by assembling the 
metallic partition member 50 (i.e., the second integrally vulcanized 

30 assembly 87) and the lid member 52 with respect to the first integrally 
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vulcanized assembly 44, in a mass of the selected non-compressible fluid. 
The non-compressible fluid filling the fluid chamber 88 may be preferably 
selected from among water, alkylene glycol, polyalkylene glycol and 
silicone oil, for instance. In order to obtain an excellent 
5 vibration-damping effect based on resonance of the fluid, the fluid may 
preferably have a low viscosity of not more than 0.1 Pa • s. 

[0047] With the metallic partition member 50 and the lid 
member 52 assembled with each other as described above, an inner 
circumferential surface of the annular top-wall portion 60 of the lid 

10 member 56 is forcedly fitted onto an outer peripheral portion of the inner 
circumferential wall 70 formed on the metallic partition member 50 via the 
sealing rubber layer 58 interposed therebetween. Thus, the inner 
circumferential wall 70 and the lid member 56 are opposed to each other in 
the radial direction of the engine mount 10 with a given spacing 

15 therebetween, while the metallic partition member 50 and the annular 
top-wall portion 60 are opposed to each other in the axial direction of the 
engine mount 10 with a given spacing therebetween, thereby cooperating to 
each other to define therebetween a circumferential groove 94 extending in 
their circumferential direction. In one circumferential position of the 

20 circumferential groove 94, the elastic partition wall 72 formed on the 
metallic partition wall 50 is held in close contact at its side wall surface 
with the sealing rubber layer 58 formed on the lid member 56, and at its 
upper surface with the sealing rubber layer 58 formed on the annular 
top-wall portion 60 of the lid member 56. Therefore, the circumferential 

25 groove 94 is intercepted at one circumferential position by means of the 
elastic partition wall 72. On the opposite sides of the elastic partition 
wall 72, there are suitably positioned the communication hole 76 and a 
communication groove 74, respectively, so that the circumferential groove 
94 communicates at one of circumferentially opposite ends thereof with the 

30 pressure-receiving chamber 90 through the communication hole 76 and at 
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the other end with the equilibrium chamber 92 through the communication 
groove 74. Consequently, the metallic partition member 50, the metallic 
lid 56 (i.e., the lid member 52) cooperate to form an orifice passage 96 for 
fluid communication between the pressure-receiving chamber 90 and the 
5 equilibrium chamber 92, which is formed at the outer peripheral portion of 
the metallic partition member 50 so as to extend in the circumferential 
direction of the metallic partition member 50 with a circumferential length 
which is slightly smaller than the circumference of the metallic partition 
member 50. 

10 [0048] In the present embodiment, the pair of restricting 

projections 84, 84 bonded to the metallic partition member 50 are disposed 
in an annular region 98 of the pressure-receiving chamber 90, which region 
98 is defined by and between the elastic body 16 and the outer cylindrical 
member 14 mutually opposed in an axis-perpendicular or diametric 

15 direction, and extends circumferentially. The restricting projections 84, 
84 are arranged to be mutually opposed in the diametric direction 
conforming to the second diametric direction in which the thick walled 
portions 49, 49 are mutually opposed. Further, each restricting projection 
84 is arranged to be spaced away from the elastic body 16 in the axial 

20 direction. The inner and outer circumferential surfaces 85, 83 of the 
restricting projection 84 are spaced away from the outer circumferential 
surface of the elastic body 16 and the inner circumferential surface of the 
outer cylindrical member 14 (i.e., the rubber coating layer 46) in the 
axis-perpendicular direction, respectively. With this arrangement, the 

25 inner and outer circumferential surfaces 85, 83 of the restricting projection 
84 are entirely spaced away from the inner surface of the 
pressure-receiving chamber 90. Thus, the restricting projections 84, 84 
are disposed within the annular region 98 of the pressure-receiving 
chamber 90 in a elastically deformable manner, while restricting or 

30 reducing a cross sectional area of the annular region 98 of the 
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pressure-receiving chamber 90. 

[0049] The thus constructed engine mount 10 is installed on 
the automotive vehicle as illustrated in Fig. 9. Namely, the inner shaft 
member 12 is firmly attached by means of the mounting bolt 26 screwed 
5 into its tapped hole 22 to the bracket 28 fixed to the power unit (not 
shown) of the vehicle, whereby the inner shaft member 12 is attached to 
the power unit via the bracket 28. On the other hand, the outer cylindrical 
member 14 is firmly attached to a bracket 100 that is fixed to the body of 
the vehicle (not shown), while being secured press-fit into a metallic 

10 holder 102 somewhat larger than the cylindrical portion 34 thereof, 
whereby the outer cylindrical member 14 is attached to the body of the 
vehicle via the bracket 100. With the engine mount 10 installed in 
position as shown in Fig. 9, the elastic body 16 is elastically deformed due 
to the weight of the power unit acting thereon, so that the inner shaft 

15 member 12 is axially downwardly displaced by a given amount relative to 
the outer cylindrical member 14. Thus, the engine mount 10 is 
constructed and oriented on the automotive vehicle such that a vibrational 
load acts on the inner shaft member 12 and the outer cylindrical member 14 
primarily in the vertical direction as seen in Fig. 9, thus suspending and 

20 supporting the power unit from and to the body of the vehicle in a 
vibration-damping fashion. 

[0050] When a vibrational load is primarily applied to the 
engine mount 10 in the vertical direction, a relative fluid pressure 
difference is induced between the pressure-receiving chamber 90 and the 

25 equilibrium chamber 92, thereby causing flows of the fluid through the 
orifice passage 96 between the both chambers 90, 92. Thus, the engine 
mount 10 can exhibit an excellent damping effect based on resonance of 
the fluid flowing through the orifice passage 96. 

[0051] When a vibrational load is applied to the engine mount 

30 10 in the axis-perpendicular direction or the diametric perpendicular to the 
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axial direction, on the other hand, the fluid within the pressure-receiving 
chamber 90 may be forced to flow through a fluid passage formed in the 
annular region 98. Since a cross sectional area of the fluid passage 
formed in the annular region 98 is effectively restricted or reduced by the 
5 restricting projections 84, 84 disposed in the annular region 98, a 
resonance frequency of the fluid flowing through the annular region 98 can 
be reduced or shifted to a lower frequency range which does not matter in 
terms of a vibration-damping capability of the engine mount 10. 
Described more specifically, the engine mount 10 can eliminate or 

10 moderate a problem of considerable increase in a dynamic spring constant 
thereof at a specific frequency range, e.g., a frequency range corresponding 
to acceleration noises of the vehicle or the like. It should be appreciated 
that the restricting projections 84, 84 are arranged to be mutually opposed 
in the lateral direction of the vehicle that is perpendicular to the driving 

15 direction of the vehicle in which the engine mount 10 is susceptible to 
vibrations applied thereto in the diametric direction. When the engine 
mount 10 is subjected to vibrations applied thereto in the vehicle driving 
direction, fluid flow in the annular region 98 may be more likely excited in 
areas mutually opposed in the vehicle lateral direction. Therefore, the 

20 restricting projections 84, 84 disposed in this mutually opposed areas of 
the annular region 98 can be more effectively restrict the annular region 
98. 

[0052] According to the present embodiment, furthermore, the 
pair of restricting projections 84, 84 are arranged to be spaced away at 

25 their outer and inner circumferential surfaces 83, 85 from the elastic body 
16 and the outer cylindrical member 14 both cooperating to define an inner 
surface of the pressure-receiving chamber 90, and to be separated from 
each other with a circumferential length smaller than a half of the 
circumference of the metallic partition member 50. In addition, since the 

30 wall thickness of each restricting projection 84 is gradually reduced as it 
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goes to the distal end portion, the restricting projections 84 is more readily 
elastically deformable when flows of the fluid are induced in the annular 
region 98 of the pressure-receiving chamber 90, due to the pressure of the 
flowing fluid. As a result, a resonance system in association with the 
5 elastic deformation of the restricting projections 84, 84 are generated, 
making it possible for the engine mount 10 to actively exhibit a low 
dynamic spring constant with the help of the elastic deformation of the 
restricting projections 84, 84. 

[0053] The spring characteristics of the restricting projections 

10 84, 84 may be suitable adjusted so that the engine mount 10 can exhibit a 
desired low damping effect based on elastic deformation of the restricting 
projections 84, 84 or the like, with respect to a suitable frequency range of 
vibration that is to be damped. For instance, while the engine mount 10 
may suffer from a problem of considerable increase in its dynamic spring 

15 constant in a specific frequency range due to an anti-resonance effect of 
fluid flowing through the annular region 98, this problem can effectively 
be solved by utilizing the lower dynamic spring constant of the engine 
mount 10 due to elastic deformation of the restricting projections 84, 84. 

[0054] Moreover, the restricting projections 84, 84 are formed 

20 separately from the elastic body 16 and fixed to the metallic partition 
member 50, so as not to interfere with the elastic body 16. This 
arrangement ensures the engine mount 10 not to be adversely influenced or 
deteriorated in terms of its essential damping characteristics based on the 
elastic body 16 by the provision of the restricting projection 84, and 

25 ensures an improved efficiency in assembling components of the engine 
mount 10. Further, since the restricting projections 84 are independent of 
the elastic body 16, the restricting projections 84 can be designed with a 
high degree of freedom in terms of materials, spring characteristics and the 
like thereof, without being limited by a desired spring stiffness and a 

30 required anti environmental capacity of the vibration damping mount 16. 
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[0055] In the present embodiment, the elastic rubber plate 68 
bonded to the metallic partition member 50 is disposed between the 
pressure-receiving chamber 90 and the equilibrium chamber 92. When 
vibrations applied to the engine mount 10 in its axial direction extends 
5 over a higher frequency range in which a resistance to flow of the fluid 
through the orifice passage 96 is too increased to permit the flow of the 
fluid therethrough, a fluid pressure variation in the pressure-receiving 
chamber 90 can be reduced or absorbed owing to the elastic deformation of 
the elastic rubber plate 68, making it possible to prevent the considerable 

10 increase of the dynamic spring constant. Thus, the engine mount 10 can 
exhibit an excellent damping effect with the help of the elastic rubber plate 
68. Described more specifically, the orifice passage 96 may be tuned with 
respect to the low frequency vibrations corresponding to engine shakes so 
that the engine mount 10 can exhibit high vibration-damping effect based 

15 on resonance of the fluid flowing through the orifice passage 96. Also, 
the elastic rubber plate 68 may be suitably tuned with respect to the high 
frequency vibrations corresponding to booming noises so that the engine 
mount 10 can exhibit an excellent vibration isolating effect based on the 
elastic deformation of the elastic rubber plate 68 so as to absorb the fluid 

20 pressure variation in the pressure-receiving chamber 90. 

[0056] These elastic rubber plate 68 and the restricting 
projection 84, 84 are integrally formed and bonded to the metallic partition 
member 50 in the above-described vulcanization process of the rubber 
material, making it possible to easily form both of the elastic rubber plate 

25 68 and the restricting projection 84. Thus, the engine mount 10 
constructed according to the present embodiment can be manufactured with 
improved efficiency, and can be made simple in construction. 

[0057] In the present embodiment, the elastic body 16 is 
formed with the pair of recesses 48, 48 so that the spring characteristics of 

30 the elastic body 16 is made smaller in the longitudinal direction of the 
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vehicle in which the recesses 48, 48 are opposed to each other. This low 
spring characteristics of the elastic body 16 in the longitudinal direction of 
the vehicle cooperate with the lower dynamic spring characteristics of the 
engine mount 10 due to the restricting projection 84 to ensure the low 
5 spring characteristics of the engine mount 10 in the axis-perpendicular 
direction conforming to the longitudinal direction of the vehicle. 

[0058] Three examples 1, 2 and 3 of the engine mount 
constructed according to the present embodiment were prepared, while 
being varied in the angular length of the pair of restricting projections 84, 

10 84 thereof. Namely, the angular lengths 6 in the Examples 1, 2 and 3 
were set to 6 = 60 degrees, 90 degrees, and 110 degrees, respectively. 
Vibration damping performances of these examples were actually measured. 
The obtained measurements are demonstrated in the graphs of Figs. 10-12, 
respectively. Comparative examples 1 and 2 of the engine mount were 

15 also prepared. The comparative example 1 has a conventional structure 
wherein no restricting projection 84 is provided as shown in Fig. 15. The 
comparative example 2 has a conventional structure wherein is provided a 
single restricting projection 84 of C-letter shape in transverse cross section, 
which extend continuously in the circumferential direction, except a 

20 circumferential position where the communication hole 76 for connecting 
the orifice passage 96 to the pressure-receiving chamber 90 is formed. 
Vibration damping performances of the comparative examples 1 and 2 were 
actually measured in the same manner, and the obtained measurements are 
demonstrated in the graph of Figs. 13 and 14, respectively. 

25 [0059] In order to uniform measurement conditions, the 

examples 1-3 and the comparative examples 4 and 5 were made similar in 
overall size and constructions of the elastic body 16, the orifice passage 96 
and other elements, except the restricting projections 84. A vibration 
damping performance of each example was examined by measuring each 

30 example in terms of a absolute dynamic spring constant and phase over a 
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suitable frequency range, when each example was subjected to vibrational 
load of 49.0m/s 2 applied thereto in an axis-perpendicular direction 
conforming a vehicle driving direction or the vertical direction as seen in 
Fig. 6. 

5 [0060] As is understood from the graph of Figs. 10-12, every 

example 1-3 experiences a resonance phenomenon that may be based on 
resonance effect of the fluid flowing through the annular region 98 at a 
frequency range as indicated by "a" in the graphs, and exhibits a low 
dynamic spring constant based on the resonance effect of the fluid flowing 

10 through the annular region 98 at a frequency range as indicated by "A" in 
the graph. On the other hand, every example 1-3 experiences a resonance 
phenomenon that may be based on resonance effect of a vibration system in 
association with elastic deformation of the restricting projections 84, 84 at 
a frequency range as indicated by "b" in the graphs, and exhibits a low 

15 dynamic spring constant based on the resonance effect of the vibration 
system at a frequency range as indicated by "B" in the graphs. 

[0061] With the help of the effect of the low dynamic spring 
constant in association with the elastic deformation of the pair of 
restricting projections 84, 84, effectively prevented or minimized is a 

20 phenomenon of a high dynamic spring constant of the engine mount at the 
higher frequency range of about 300Hz-500Hz based on anti-resonance 
effect of the fluid flowing through the annular region 98. Thus, it is 
understood from the graphs of Figs. 10-12, the examples 1-3 of the engine 
mount constructed according to the present invention can exhibit excellent 

25 damping performance based on the phenomenon of low dynamic spring 
constant over a wide frequency range. It is also understood from the 
graphs of Figs. 10-12 that the smaller the angular length (a value of 9) of 
each restricting projection 84, the easier in elastic deformation of each 
restricting projection 84. Accordingly, the frequency range "b" of the 

30 resonance phenomenon that may be based on elastic resonance of the 
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restricting projections 84 is shifted to the lower frequency range, whereby 
the engine mount can exhibit a further enhanced low dynamic spring 
constant at the frequency range of "B". 

[0062] On the other hand, the graph of Fig. 13 reveals that the 
5 comparative example 1 of the engine mount having no restricting 
projection 84 exhibits a considerably low damping performance at a higher 
frequency range of not smaller than 300Hz due to a phenomenon of 
considerably high dynamic spring constant as a result of anti-resonance 
effect of fluid flows through the annular region 98. In the graph of Fig. 

10 13, a resonance frequency range "c" is appear at a frequency range of about 
450-500Hz, and a low dynamic spring constant area "C" may be induced 
based on a single resonance system of the elastic rubber layer 68 elastically 
displaced. This phenomenon can be found in the graphs of Figs. 10-12, as 
well. However, a superiority in damping performance of the examples 1-3 

15 of the present invention in comparison with the comparative example 1 is 
apparent from these graphs. 

[0063] The graph of Fig. 14 reveals that the comparative 
example 2 of the engine mount having the single restricting projections 
continuously extending circumferentially with the C-letter shape, exhibits 

20 the resonance region "b" and the low dynamic spring region "B" like in the 
examples 1-3 of the present invention. However, the comparative 
example 2 is still insufficient to exhibit a greatly effective low dynamic 
spring constant as do in the examples 1-3. With this regards, the 
minimum value (a bottom value) of the absolute dynamic spring constant at 

25 the low dynamic spring region "B" that may be caused by the elastic 
resonance like effect of the restricting projection 84 was measured with 
respect to the comparative example 2 and all examples 1-3. The obtained 
measurements were 100 for the comparative example 2, approximately 30 
for the example 1, approximately 43 for the example 2 and approximately 

30 61 for the example 3. This reveals that the use of the pair of restricting 
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projections 84, 84 spaced away from each other in the circumferential 
direction is most effective in exhibiting a low dynamic spring constant of 
the engine mount. 

[0064] While the presently preferred embodiment of this 
5 invention has been described in detail for the illustrative purpose only, it is 
to be understood that the present invention is not limited to the details of 
the illustrated embodiment. It is also to be understood that the present 
invention may be embodied with various changes, modifications and 
improvements which may occur to those skilled in the art, without 

10 departing from the spirit and scope of the invention. 

[0065] For instance, the elastic abutting fin 89 of each 
restricting projection 84 is not essential to practice the invention. If the 
abutting fin 89 is needed, the fin 89 may be formed integrally with the 
elastic body 16, rather than the restricting projection 84, such that the 

15 abutting fin 89 projects from the tapered outer circumferential surface of 
the elastic body 16 toward the restricting projection 84. 

[0066] The elastic rubber plate 68 is disposed in the through 
hole 66 of the metallic partition member 50 in the illustrated engine mount 
10. However, such an elastic rubber plate 68 may be employed as needed 

20 taking into account a required damping performance of the engine mount or 
the like, but not is an essential element. 

[0067] The shapes and sizes of the restricting projections are 
not limited to those in the illustrated embodiment, but may be suitably 
designed depending on required damping characteristics, a shape and size 

25 of the annular region 98. 

[0068] In the illustrated embodiments, the abutting fins are 
arranged to be held in contact with the elastic body 16 when the engine 
mount is subjected to no external load (i.e., in a non installation state), and 
to be moved away from the elastic body 16 and/or the restricting projection, 

30 when the engine mount is subjected to a static load (i.e., in an installation 
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state). The present invention is not limited to this arrangement. The 
abutting condition of the abutting fins with respect to the elastic body 
and/or the restricting projection may be suitably determined by those 
skilled in the art giving overall consideration to required damping 
characteristics of the engine mount and the like. For instance, the 
abutting fins may be arranged to be moved away from the elastic body 
and/or the restricting projection in the non installation state of the engine 
mount, and to be moved closer or in contact with the elastic body and/or 
the restricting projection in the installation state of the engine mount. For 
instance, the elastic abutting fin 89 may be arranged to be spaced away 
from the elastic body 16 during a state where no external load is applied to 
the mount. 

[0069] While the illustrated embodiment of the invention takes 
the form of a fluid-filled engine mount for an automotive vehicle, it is to 
be understood that the principle of the invention is equally applicable to 
body mounts for automotive vehicles, and the other suspension-type 
fluid-filled vibration damping mounts for various machines and other 
equipment other than automotive vehicles. 

[0070] While not enumerated herein, it should be understood 
that the present invention may be embodied with various other changes, 
modifications, and improvement which may occur to those skilled in the art, 
without departing from the spirit and scope of the invention defined in the 
following claims. 



